Introduction
Community ecologists have long been interested in whether the structure of biological communities affects the stability of the populations that comprise the community (review: Pimm 1991). For example, species richness is thought to influence population stability, but there is surprisingly little data to bolster theoretical predictions about how species richness will influence populations. Another important question is whether community structure affects populations as strongly as more individualistic properties of the community (e.g. species composition). This study compares the relative effects of species richness and species composition on the stability of eight protist species. Below, I first discuss empirical measures of 'stability', and then consider how community structure might affect population dynamics.
In theoretical population biology, equations that model population dynamics are said to be stable when their parameters ensure that the populations return to previous, predictable behaviour after a perturbation. However, it is rarely feasible to demonstrate this type of stability in real populations, 712 Experimental communities of protists be strongly correlated with persistence and reliably indicate population stability. In any case, high variability can predispose a population to extinction through stochasticity or Allee effects, if the cycle approaches zero (May 1974) .
The abundances of the populations in these experiments were also monitored, because small populations are more vulnerable to extinction (review: Soule 1987) .
Species richness or the number of species in a community may be a key element of community structure which influences population and community dynamics (MacArthur 1955; Elton 1958; May 1974; Pimm 1982 Pimm , 1991 . However, more experiments are needed to produce a general statement about the effects of species richness on community stability (Goodman 1975; Pimm 1984; McNaughton 1988) .
Ecologists have also examined connectance (the proportion of actual to possible predator-prey links among species) and interaction -strength for their effects on the stability of community models (e.g. May 1972; Pimm 1982) . Additionally, species composition could affect community stability as strongly as any of these factors.
The effects of species composition are often regarded as noise by ecologists searching for broad community patterns, because species composition tends to be unique to each community. However, it is important to compare the effects of general community properties, such as species richness, to the effects of species composition, to guard against oversimplification. For example, the consequences of adding species to an island may depend critically on the identity of the species rather than on the number of species, since island biotas are notoriously sensitive to particular introduced species (Atkinson 1989) . If an effect of species richness on stability is detectable over many communities, but the stability of any given community is almost completely determined by the identity of its species, discussing only the former could mislead those who refer to the ecological literature when managing natural communities.
The effects of community structure on population dynamics remain largely unknown. This research addresses the dearth of empirical studies with an experiment designed to explore relations between species richness, species composition and population dynamics in laboratory microcosms of protozoans. 'Bottle experiments' such as this one have proven to be effective tests of ecological theory (e.g. Hairston et al. 1968; Luckinbill 1979; Dickerson & Robinson 1985; Drake 1991) , and can provide the data necessary to advance theory (Kareiva 1989; Lawton 1989 The medium used in the experiment was also inoculated with samples of the bacteria present in the stock cultures of all species used in the experiment. To -prepare this inoculum, 5 ml of medium from each stock culture was filtered through a 1-2-Rm millipore filter. The filter retained protozoans while allowing bacteria to pass through. All filtrates were mixed and the mixture was used to inoculate the medium used in the experiment. This procedure ensured that treatment effects were due to protozoans (directly or indirectly), rather than to initial differences in the composition of the bacterial trophic level.
Jars were randomized before bacterivorous protozoans (Uronema, Chilomonas, Askenasia, and Colpidium) were added. For each species, the stock culture was swirled to mix it and 10 drops were added to each jar where the species was required. After a 2-day time-lag to allow prey to become sufficiently abundant, predators were added. Predators had been cultured on the prey that they were paired with in the design. 1 ml of each predatorprey culture was added where required. This contained approximately 20 Urostyla, 30 Blepharisma, 30 Euplotes, or 50 Steinia. Jars were placed in randomized locations on a laboratory shelf. During the remainder of the experiment, one sterile wheat seed was added to each jar weekly and jars were sampled every 2 days.
SAMPLING
To sample microcosms, each jar was swirled to mix its contents, and 10 drops of the medium and suspended organisms were placed on a tared Petri dish with a sterile pipette. The sample was weighed to 0 0001 g on a Sartorius balance and protists were counted with the aid of a stereoscopic microscope. Samples of bacterivores sometimes required dilution before counting. In these cases 4-10 drops were weighed on a tared Petri dish. Enough sterile medium was added to reduce the count to 5-20 protists per drop, then the dilution was sampled as above. The number of individuals in a standard sample was estimated by multiplying the count by the weight of the dilution divided by the initial weight of the sample. Ten drops were removed from every jar for each sample. Counts were scaled to a 0.3159-g sample (the mean sample weight).
Experiments were sampled every 2 days for 38 days, beginning 4 days after the first protists were added to microcosms. Two weeks after the last sample, all jars were searched to determine which species were still present. Jars were mixed and approximately one-quarter of the contents was examined under the dissecting microscope to improve assessment of extinctions.
PREDATOR FEEDING TRIALS
Feeding trials tested which of the prey species each of the predators would consume. Information from these trials was used to estimate connectance (the proportion of realized trophic links to possible trophic links) in each food web type. Predators were placed in a Petri dish of protist-free medium for 1 hour, to standardize their hunger level. Meanwhile, stock cultures of prey were diluted with protist-free medium to approximately 50-100 individuals per 10-drop sample. 0-5 ml of this dilution was added to each of eight 1-ml wells of a sterile well plate. Four wells received 10 predators each and four were predator-free controls. These densities of predators and prey were within the range of densities of coexisting predator-prey pairs. Two or three prey species were exposed to one predator per trial period. One species was always the prey that the predator was paired with in the two-species treatment. This served as a 'reference' species that the predator was known to eat, since the feeding rate of some predators changes over time and with hunger level (e.g. Salt 1961; Seshacher, Saxena & Girgla 1971). Feeding trial duration was less than 2 hours to ensure minimal prey division.
Prey were counted beginning 1 hour after predators were added. Wells were sampled as in 'Sampling' (above). ANOVAS on prey counts with predator presence as the factor determined whether predators had reduced prey numbers.
To check whether predators could eat other predators, all possible two-way predator combinations were added to drops of medium on a Petri dish and observed for 15 min.
DATA TRANSFORMATION
Data from the first seven sampling dates were excluded to eliminate the initial low abundances and variance associated with species introductions from the data set (hereafter 'build-up dates'). In some cases, extinctions produced a series of zero abundances in the latter sampling dates. These zeros would reduce the mean abundances and their standard deviations for a trivial reason, so data from any replicates where the species was absent on 714 Experimental communities of protists five or more dates and absent in the final sample (hereafter 'extinctions') were eliminated.
One case where a species went extinct in four out of five replicates of a treatment was excluded from analysis because it was not possible to determine within-treatment variation. Two replicates of the 'BU' treatment for Urostyla and one replicate of the 'SU' treatment for Askenasia were omitted, because only one individual was detected late in the experiment (after a 10-date absence).
All data were transformed with a log10 (abundance + 1) transformation, to eliminate any positive correlations between the mean and standard deviation of the abundances. After this transformation, mean abundances and mean standard deviations of each species were either uncorrelated or negatively correlated. The mean transformed abundances were used in ANOVAS with either species composition or species richness as the single factor. Where the ANOVA showed significant effects, significant differences between means were determined using a Ryan's Q test, which is powerful, yet controls the type 1 error rate well (Day & Quinn 1989 
Results

PATTERNS OF SPECIES EXTINCTIONS
Combining predator-prey pairs to increase species richness resulted in the extinctions of some of the species. There was only one extinction in the twospecies webs; however, there were extinctions in at least some replicates of five out of the six fourspecies combinations, and in all replicates of the Chilomonas Extinctions seemed to be related to trophic level. All four of the prey species went extinct in some replicates of at least one treatment, whereas only one predator, Urostyla, went extinct in any replicate of any treatment ( 
S.P. Lawler ABUNDANCE OF INDIVIDUAL SPECIES
Increased species richness decreased the mean abundance of five of the eight species, Askenasia, Blepharisma, Chilomonas, Steinia, and Uronema, and showed trends toward decreasing the abundance of Urostyla (Table 2) . Species composition had a strong effect on the abundances of at least four species (Table 3) . Abundances of Blepharisma, Colpidium, Euplotes and Uronema all differed among the four-species treatments. This analysis was not possible for Askenasia and Urostyla, which persisted in some replicates when combined with Euplotes and Chilomonas, but went extinct in all replicates of the other fourspecies treatments.
VARIABILITY OF INDIVIDUAL SPECIES
Increased species richness did not affect the temporal variabilities of most of the species (Table 4) . Only Steinia had a higher mean standard deviation over time in the food webs of greater species richness. For some of the other species, however, extinctions were more common in the four-and eight-species combinations (Table 1) . If highly variable populations are more likely to go extinct, extinctions might have obscured some of the variability of more species-rich combinations.
Species composition affected the variabilities of at least two of the species, Blepharisma and Colpidium, and showed a trend toward affecting the variability of Euplotes (Table 5 ). This type of comparison was not possible for Askenasia and Urostyla, which persisted in only one four-species combination. However, the ability of species to persist in some four-species combinations, but not others is further evidence that species composition can determine whether a particular species will be stable in the community. There was no effect of species composition on the temporal variability of Chilomonas and Uronema, but both went extinct in one type of four-species community (Table 1 Table 6 . Feeding trials. Results of ANOVAS comparing prey abundances in treatments with and without predators. Predator abbreviations are the first five letters of the genus. For all trials, dfl = 1, df2 = 6, N= 4. C = mean abundance of controls, p = mean abundance of predator treatments. The F statistic and probability are listed below means as (F, P) protozoan prey in these systems than the other predators. Blepharisma decreased the abundance of Colpidium in one trial; however, it had no effect on Colpidium in two similar trials ( Species richness and species composition did not affect the temporal variability in abundance of most of the species. However, if population fluctuations do lead to extinctions, the extinctions may have removed the most intrinsically variable populations from the data set, weakening my ability to detect effects of species richness and composition on variability. It might be possible to test whether variable populations are more likely to go extinct, by comparing the pre-extinction variability of populations that go extinct to those that do not. This experiment did not provide enough data for such a test, because most of the populations that went extinct crashed early in the experiment when similar replicates were also decreasing in abundance. In most cases, there were no-obvious differences in variability between doomed populations and those that persisted. Prey went extinct more often than predators. This would be expected if predator-prey interactions were stronger than competitive interactions among the predators, which seems likely. Predator-prey interactions are immediately lethal to the prey, whereas competition among the predators may have less serious consequences. However, this experimental design cannot rule out competitive exclusion among the prey.
EFFECTS OF SPECIES RICHNESS AND
SPECiES
COMPOSiTiON ON POPULATiON
S TA BiLi1T Y Species richness and species composition were both important in determining the abundance, variability and persistence of individual species. Each factor affected the abundances of at least half of the species, and changed the variabilities of one or two of the species. Since both of these factors had strong effects on approximately equal numbers of species, they can be regarded as comparable influences on community dynamics. Most of the species in this experiment were affected by the species composition of the assemblages, but the community-specific nature of this factor will make it difficult to draw generalities about how species composition affects community stability. A closer look at the characteristics of individual species (e.g. reproductive rates, vulnerability to predation, feeding rates) might help ecologists to better understand how species composition will affect community stability.
Tilman (1989) advised ecologists to focus on the broad, general patterns among communities rather than on the particular characteristics of any one system, in order to abstract the complexity of the world into as few variables as possible. In this study, species richness (an easily measurable property of communities) affected the population dynamics of most of the species. Relatively species-rich communities had more extinctions and lower population sizes. However, the effects of each community's particular species composition were equally pronounced. No-one expects to completely explain the dynamics of any given population soly by examining general aspects of community structure. However, it would be useful to estimate how much we can hope to explain with general ecological principles, by performing additional studies that compare the effects of both universal and individualistic community properties on population dynamics.
